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Abstract 
Mining operations are considered detrimental to the environment. However, mining is only a temporary use of land, after which 
rehabilitation is possible with agriculture applications. This research shows how to develop new economic activities in parallel to 
mining operations in the region around Guasca Municipality in Colombia and how they can be sustainable under the use of the 
Zeodratation technology.  This dehydration system allows preserving the products for long periods of time without the use of any 
chemicals (e.g., sulphur dioxide for fruits).  In addition it concentrates the vitamins, antioxidants, colours, flavours, smells and 
other properties of the natural products. Zeodratation not only concentrates the best nutrients in each product, but it also reduces 
the oxidation process by leaving less water content in the product than that left by other available technologies (hot air and freeze 
drying). Very low water content is useful in powder production (e.g., the strawberry powder used to make milkshakes, ice-cream, 
and pastries), preservation and flexibility in marketing demands (e.g., the less water contents the more crunchiness of the 
product). The Zeodratation system uses Zeolites homogeneously distributed with a molecular size of 4 Ångström that will adsorb 
the water and will act as a molecular sieve within the  process. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Organizing Committee of HumTech2015. 
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1. Introduction 
Sand and gravel are necessary materials for the construction industry. In Colombia, there is a high demand for 
such materials, especially for concrete production. Construction is an important indicator of Gross Domestic Product 
(GDP). According to Camacol (1), the construction sector represented 20% of the GDP in Spain and Ireland in 2007. 
In Peru, Mexico, and Bolivia, it oscillates between 4 and 6% of the GDP. In Colombia, construction has been 5.7% 
of the GDP on average. In the USA the investment in construction (before the global recession) was around 22.5% 
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of GDP, followed by Japan (15.1%) and China (14.2%). For the period 2000 to 2007, the total investment in 
construction in Colombia was 22% of GDP (1) 
Therefore, aggregate mining is a key component for the construction industry and it also plays an important role 
in the Colombian GDP. One of the main problems in aggregate mining is the lack of interest from companies to 
rehabilitate the mined sites; however, organic agriculture could be developed with products that would grow 
depending upon the altitude.  Once agriculture is established, the problem becomes in determining: What to do with 
the products? How to add more value?  and How could they  be preserved? The proposed technology is Zeodratation. 
The zeodratation process can be used on a diversity of products and is considered a state-of-the-art green technology 
because only water vapor will leave the system and the zeolites after continuous regeneration will lose their 
adsorbant properties; however, they can be reincorporated in the mined sites to improve the soil characteristics.   
Once the production is established it is possible to define the size of the machine for the zeodratation process. 
2. Research 
In order to determine the economic impact of agriculture, data from a pilot project was considered. Goldenberry 
(Physalis peruviana) was planted in February 2007 in a zone where mining had occurred. 
Table 1. Pilot project Goldenberry production 
 
 
 
 
 
Two variables have a major impact on the production of goldenberry: evapotranspiration and changes in ground 
water level. The former was measured using information from weather stations, SEBS and SEBAL algorithms 
(calculations presented in the paper “Optimal Land Use at Developing Communities”). The latter was determined 
using divers placed next to the weather stations. Both of them included in the models ran in the STELLA software 
(ISEE Systems).  The model example is shown in the Appendix. 
The value of the constant ‘a’ was changed until by the end of the 12 periods in the modeling cycle, the 
production value equaled 2037 kg goldenberry. A carrying capacity of 800 plants per Ha was used based on the 
results of the pilot project. An intrinsic growth rate of 0.1 (m per month) was used, corresponding to the minimum 
rate of growth in plant height measured in the pilot project between April 2007 and January 2008. A yield of 2 Kg 
per Ha was fixed based on the production during the pilot project. The Net Primary Production (NPP) was 
calculated as follows: 
 NPP = 1 – SINWAVE (a x Evapotranspiration, 12) 
The results of the model showed that once the planting took place, there was no production for almost 5 months, 
and maximum production was reached around the 9th month, behavior similar to that observed during the pilot 
project, as shown in Figure 1. 
Once the basic parameters were determined, Monte Carlo simulations were performed using the STELLA 
software. The effects of different evapotranspiration values ranging from 1 to 12.4 mm on the Accumulated Net 
Present Value (ANPV) over a 12-year period for different areas ranging from 1 to 200 Ha were analyzed. The 
results show an Accumulated Net Present Value higher for: 1 to 50 Ha of 3.2 to 5.5 mm of evapotranspiration; for 
areas from 51 to 100 Ha of 7.9 to 10.1 mm; for areas between 101 to 150 Ha of 5.6 to 7.8 mm and for areas from 
151 to 200 Ha of 5.6 to 7.8 mm, as shown in the Table 2. 
 
Date Production (kg) 
August 2007 17.6 
September 2007 92 
October 2007 259 
November 2007 643 
December 2007 816 
January 2008 210 
Total 2037.6 
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Fig 1. Goldenberry Model 
Table 2. Accumulated Net Present Value for Goldenberry Production at various evapotranspiration and Surface values 
                                                       
 
 
 
With respect to changes in ground water level, a similar model was used.  However, the NPP was calculated as 
follows: 
 NPP = 1 – SINWAVE (a x Level, 305) 
The constant ‘a’ was changed to obtain the production as close as 2037 kg goldenberry (similarly to the 
evapotranspiration model) with changes in groundwater level detected by the diver during the study period. Once ‘a’ 
was calculated, it remained constant to facilitate comparison among the models. The value 305 represents the 
number of days when groundwater level had changed (from the 365 days of the year). The table shows the results 
after various trials. Groundwater is represented as a cost function with maximum losses occurring with changes in 
groundwater levels between 2 and 3 m. 
 
 
 
 
 
455 Carla Idely Palencia-Aguilar /  Procedia Engineering  107 ( 2015 )  452 – 462 
    Table 3. Accumulated Net Present Value at Groundwater level and Surface changes 
 
The expected Net Accumulated Net Present Value for goldenberry is shown in the following Table. 
Table 4. Net Accumulated Net Present Value from Evapotranspiration and Groundwater results 
 
In 2014 another pilot in agriculture took place with Quinoa production. A carrying capacity of 100 plants per Ha 
was used based on the results of the pilot project. An intrinsic growth rate of 5 (dm per month) was used, 
corresponding to the minimum rate of growth in plant height measured in the pilot project between February 2014 
and July 2014. A yield of 500 Kg per Ha was fixed, based upon the production during the pilot project. The 
expected production for 12 years at various evapotranspiration values is shown in the following table: 
 
Table 5. Expected Quinoa 12 years production at various evapotranspiration values. 
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The expected increment production for the years 7 to 12 is realistic because the soil will be richer of nutrients and 
forestry surrounding the crops will protect the Quinoa from solar radiation and cold weather. 
 
In order to compare what will be better: to produce Goldenberry or Quinoa in the study zone, the same models 
previously presented were used: for 1 to 50 Ha and from 1 to 5 Ha with evapotranspiration changes from 1 to 12 
mm. The results show that for zones where evapotranspiration changes from 1 to 4 mm, it is better to produce 
Goldenberry, either for areas from 1 to 50 Ha or for areas from 1 to 5 Ha. For evapotranspiration values higher than 
4 mm, it is better to produce Quinoa. 
    Table 6. Accumulated Net Present Value for Goldenberry and Quinoa production at various Evapotranspiration and Surface values 
 
According to the results it seems that Quinoa will be preferred over Goldenberry, however, with the Zeodratation 
technology it will be possible to change the preference towards Goldenberry because the added value will increase 
the Accumulated Net Present almost four times for evapotranspiration between 5 to 8 mm and 1 to 50 Ha, as shown 
in the following tables.  That provides an advantage because depending upon the market changes; the rehabilitated 
mining zones will have options to attain sustainable development. 
Zeodratation is a new green technology with equipment consisting of a vacuum chamber, an oven, trays, zeolites, 
electronic equipment, and software used to dehydrate a variety of products used in pharmaceutical, cosmetics, 
gastronomy, agriculture, fish, dairy, and precooked food. The technology does not harm the environment. The waste 
products consist of water vapor and zeolites, which, after continuous use, eventually lose their (surface related) 
adsorbent properties and can be incorporated into regular soil.  
Products are placed on a tray and introduced into a vacuum chamber. Depending upon the product, a zeodratation 
cycle can last between 4 and 14 h. The longer the cycle, the less water remains in the product and therefore the more 
time the product will last. Generally, a single cycle allows a product to be preserved for at least 1 year without 
adding any chemicals. With appropriate packing, products can last even longer with the same production time. More 
than 1000 products have been successfully tested including fruits, vegetables, medicinal herbs, eggs, pre-cooked 
food such as soups, meat, chicken, rice, and pasta, and many others. The waste materials, such as egg shells, fruit 
peels and fish skins can be used to develop other sub-products like tooth paste, cosmetics, and leather.  They can 
also be used as raw materials for organic soil improvement components. 
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Table 7. Goldenberry Production Zeodratated 
 
Table 8. Goldenberry production Not Zeodratated 
 
The preparation includes: cutting or slicing for fruit or vegetables, blending for eggs or any other fine powder 
needs, selection for medicinal herbs, and cooking for meat, chicken, rice, soups, or any other precooked products. 
The product, regardless of whether it is liquid or solid, is placed on a tray. On top of it is placed another tray with 
the zeolites. Both trays fit together and confine the product. Every tray contains a maximum of 1 kg product. The 
amount of zeolites per tray and molecular size of each zeolite grain are made to adsorb the appropriate amount or 
water per cycle. The size of a water molecule is approximately 3 × 10-10 m (Ångström Å), while the zeolite size is 
approximately 4 Å. The zeolite acts as an adsorbant  (surface related) and as a molecular sieve. On the one hand, the 
zeolite allows water to adhere to its molecular walls; therefore, some water remains at its surface and can be 
removed every cycle in an oven at high temperature (more than 250oC). On the other hand, as a molecular sieve, the 
zeolite allows only water to fit in its pores. The pore size is only accessible to the small water molecules and is not 
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accessible to aromas and nutrients, which have molecular sizes between 7 and 10 Å. Therefore, if they want to go 
out to the environment as the water does, they cannot since their size is bigger than the zeolite’s size. Both uniform 
distribution and size of the zeolite at the molecular level are very important to attain the proper product dehydration. 
The zeolite characteristics are not the only important part of the zeodratation process. A proper combination of 
pressure, temperature, and time are also of major importance. Various steps are necessary to obtain the highest 
quality products. For example during the evacuation step, a pineapple could resist up to 70 mbar pressure in 5 min, 
while a medicinal herb could resist only 50 mbar in the same period of time; forcing the medicinal herb to go 
through 70 mbar to speed the process would result in a chain breakage at the molecular level and thus a reduction of 
natural components such as nutrients, diminishing the quality of the end product. During the drying, four segments 
or fewer can be used. Each product has a proper timing and can reach a determined temperature in each segment. 
The appropriate temperature and time values are determined by experimentation. Formulas are developed for each 
product and kept in the software of the machine to be used later on. Another important factor is the speed at which 
the vacuum (or almost vacuum) is obtained. Some products could accept 4 mbar min-1, while others can only accept 
2 mbar min-1. Of course the higher the value, the sooner the product finishes the cycle, but again, damages could 
occur if the product is forced. Fruits in general are more resistant to abrupt changes than medicinal herbs. The 
advantage of the machine is that once the formula is determined, the machine adjusts the variables to the levels 
established within the formula; the user need only enter the selected formula. The formulas are also adjusted to the 
market needs, for example, longer cycles for crispier products and shorter cycles for chewy products. 
At the end of the cycle (4 to 14 h, depending upon the product) the zeolites and the product show an average 
temperature difference of 2°C. In general, that means that the product is dried and the water content is less than 2%; 
the product can then last more than 1 year well packed at room temperature. If the preservation time required is less 
than 1 year, then the cycle can be shortened to allow a temperature difference of 10°C between the zeolites and the 
product, and the water content will be around 5-10%. The following figure shows a typical curve during the 
dehydration cycle. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2. Typical Zeodratation curve 
Zeodratation concentrates the nutritional contents of the products. Smaller amounts of products can provide the 
same nutrition as larger amounts of products that have not been through the process.  The following tables show 
examples for Goldenberry, Mango, Pineapple, Banana and Acerola, as a raw fruit and zeodratated fruit for 100 g 
samples. 
Table 9. Goldenberry Nutritional Information (Nutrianalisis) 
Characteristic per 100g Full round Goldenberry Half Zeodratated Goldenberry 
Vitamin A 2157 IU 5936 IU 
Vitamin C 1.92 mg 3.41 mg 
Total Sugar 19.26% 34.08% 
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For Mango consumption, based on a 2000 calorie diet, it is necessary to reduce the amount of total intake because 
100 g of Zeodratated Mango will be half of full diet’s consumption per day. With respect to carbohydrates, 56% fits 
the regular intake that corresponds to 45 to 65% per day.  The other parameters from the zeodratated mango are 2, 3, 
5, and 9 times bigger than that of raw mango. 
Table 10. Mango’s Nutritional Information  
With respect to pineapple, same as with the mango, it is necessary an intake of less than 100 g for a 2000 calories 
per day.  All parameters are 2,3,4,5, and 8 times bigger for the zeodratated pineapple than for a raw pineapple, 
except for vitamin A. 
Table 11. Pineapple’s Nutritional Information      Table 12. Banana’s Nutritional Information  Table 13. Acerola’s Nutritional Information 
 
For the banana, same as previous fruit cases all parameters are higher for the zeodratated fruit than for the raw fruit, 
except for vitamin C.   
For Acerola, the pattern repeats with a very important aspect in the content of folic acid that is not perceived in the 
raw acerola, but present in the zeodratated acerola. Moreover, the Vitamin C content of a zeodratated  product is 
almost 6 times higher than that of a raw acerola. 
The reason why it is possible to concentrate the best of the natural products, besides taken the water out is that there 
is no break of natural molecular chains in the products, because the temperature is not allowed to go over the 
temperature where the products grew, in any event, not higher than 40oC.  
 
With the Quinoa, the experiments had shown that using the zeodratation process, the conversion of Quinoa grains to 
pop's reduces the wasted products from 35% to 5% and saponins are more concentrated and serve in the soil's 
recovery to protect against microbes and fungi. 
 
Zeodratation has other advantages over similar dehydration systems, for example, it is possible to produce different 
products at the same time, because every tray is a unique confined system.  There is not an exchange of smells or 
nutrients inside the chamber.  In this case, the duration of the cycle will be determined by the trays that have the 
temperature sensors or the product that possess the stronger molecular structure.  In other words, if the production 
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requires Goldenberry and Pineapple at the same time, the cycle will take around 10 hours as supposed 12 hours for 
pineapple, but there will be no damage in the Goldenberry because they have to stay in the cycle more time than 
required.  The Goldenberry will be crispier if the sensors are in the pineapple trays. For the other way around, if the 
sensors are in the Goldenberry trays, the pineapple will be softer than if it had finished the complete cycle.  In any 
event, no burning will take place.  This is another way to show the versatility of the system to adapt to the market 
requirements. When the molecular structure of the simultaneous production products are very dissimilar, it is 
recommended to use different cycles. 
 
The costs involved in the Zeodratation process are lower than the other systems, especially in maintenance.  Filters, 
oil for the engines and sensors are the major expenses and do not exceed US$2000 per year for a 10 kilos 
Zeodratation machine. With respect to energy consumption only 5 kW per hour per liter is used in the process as 
compared to freeze-drying of 20kW per hour per liter. 
 
In addition, the Zeodratation process allows increasing the conservation period.  Experiments had shown that with a 
regular plastic bag, products could last longer than 2 years at room temperature. 
 
Table 14. Microbiological Information (Kappa Laboratories Inc).  Goldenberry after 1 year 
 
 
Table 15. Microbiological Information (Pro-Calidad).  Yogurt after 2 years at room temperature 
ANALYSIS RESULT COLOMBIAN INVIMA PARAMETER 
Total Plate Count 2000 Maximun 300.000 
Coliforms Less than 3 Less than 3 
Mold/Yeast 10 Mold Maximum 300 
Staphylococcus Less than 100 Less than 100 
Bacillus Cereus Less than 100 Maximum 1000 
Salmonella Negative Negative 
 
3. CONCLUSIONS 
Rehabilitation of mining zones for aggregate production is possible and profitable. The market is willing to pay 
extra for organic production and moreover for products that contain naturally concentrated vitamins and nutrients.  
The crops selection will depend on the altitude, and the water availability, measured by evapotranspiration and 
ground water levels changes. Accumulated Net Present Values are considerable for 1 to 50 Ha of Goldenberry 
production as well as Quinoa production.  There is a preference of Quinoa over Goldenberry, however, once the 
Zeodratation is used, added value in the fruit is desirable. 
Zeodratation offers an investment opportunity with important social and environmental impacts. From the social 
point of view, there will be more opportunities for Colombian farmers to grow products at fair prices, leading to 
better incomes, improved living conditions, and less interest in growing illegal plants. From the environmental point 
of view, the energy consumption is four times lower than that of similar technologies (e.g., lyophilisation). In 
addition, zeodratation does not use Freon or other potential environmental contaminants. The only waste products 
are water vapor and zeolites that after a long time of regeneration process at high temperatures (around 250 oC), they 
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lose their adsorbant properties.  Zeolites can be re-incorporated into the rehabilitated mining soils to improve their 
characteristics.  The improvement of soil characteristics is evident by experiments developed in the research zone. 
Other advantages of Zeodratation are the possibility of simultaneous production of different products (preferable 
with similar molecular structure), low maintenance cost, low energy consumption and longer conservation period as 
compared with other dehydration systems. 
The wasted materials from the Zeodratation process such as fruit peels, leaves, and saponins (in the case of 
Quinoa) could be used to improve the soil characteristics in search for integration and sustainability of mined 
rehabilitated zones. 
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Appendix  
 
Formulas were used in the Stella software.       Model Display 
 
The Surface Energy Balance Algorithm for Land (SEBAL) model was used to determine the evapotranspiration in 
the study zone. SEBAL is based upon the energy-balance equation with calculations presented at: “Optimal land use 
at developing communities” 
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